Abstract. This work was focused on improving machining performance of reaction-bonded silicon carbide (RB-SiC) ceramic material using an electrical discharge machine (EDM) with the aid of surfactant. The changes of material removal rate, electrode wear ratio and surface roughness were investigated under two different surfactants, namely Span 20 and Span 80. The surfactant was mixed with carbon nanofiber (CNF) and EDM oil prior to the experiment. Then, the mixture was homogenized in an ultrasonic homogenizer for 35 minutes. In order to investigate the effect of surfactant, different weight percentages which is 0.4wt%, 0.6wt% and 0.8wt% of surfactant were used. The experimental results show that with the addition of Span 20 and Span 80, the electrode wear ratio was decreased with the increased of surfactants weight percentage. Surface finish also can be improved by adding surfactant in the dielectric fluid. The lowest surface roughness was achieved at a surfactant weight percentage of 0.4wt%. The optimum weight percentage for obtaining the highest material removal rate (MRR) was 0.6wt% for both surfactants. In comparison, CNF added with surfactant Span 80 was more effective to improve the machining efficiency of RBSiC compared to surfactant Span 20, at the optimum weight percentage 0.6wt%.
Introduction
Reaction-bonded silicon carbide (RB-SiC) is becoming popular in the manufacturing industries. RB-SiC in which classified in the group of ceramic, has high resistance to current discharge, high hardness and brittleness. It was evident that the technique of diamond grinding has been employed to cut or shape SiC ceramic material. However, due to its hardness, higher grinding force was needed and quick wear of diamond cutting edges occurred [1] .
Yan et al. [2] attempted to cut RB-SiC by using diamond cutting process. Its can produce high material removal rate (MRR), but tool wear still remains a problem. Another alternative for machining ceramic material suggested by Lopez et al. [3] is used electrical discharge machining (EDM). Apart from that, Puertas et al. [4] carried out comparative study using EDM for machining three different ceramic materials and investigated effects of process-properties relationship in terms of surface roughness, electrode wear ratio (EWR) and material removal rate (MRR).
RB-SiC has a higher electrical resistivity, and it's challenging to be machined directly by EDM. To overcome this problem, some researchers added conductive powder into the dielectric fluid. For example, Ming et al. [5] added various conductive powders into dielectric fluid. Pecas et al. [6] added silicon powder into dielectric fluid and observed that the operating time can be improved, and the targeted surface quality can be achieved. In addition, Chow et al. [7] used powder type of aluminium and SiC to improve the MRR, surface roughness and spark gap.
Liew et al. [8] has researched on machining RB -SiC by using EDM with the addition of carbon nanofiber (CNF) in the dielectric fluid and found that the machining efficiency of RB-SiC improved significantly. However, the CNF tends to agglomerate together and degrade the expected machining performance. Wu et al. [9] suggested to add surfactant into the EDM mixture to improve dispersion effect and reduce the agglomeration of powder. Kolli et al. [10] added surfactant and graphite powder into dielectric fluid and the results showed that the MRR was improved.
According to Leong et al. [11] , the inclusions of surfactants in the nanoparticles samples are modifying the CNT's surface from hydrophobic to hydrophilic. The CNT nanoparticles tend to repulse each other due to the surface modification. In this work, the effect of surfactant type Span 20 and Span 80 on the MRR, EWR and surface roughness were investigated experimentally.
Experimental Methods
Die-sinking EDM machine of type Sodick AQ35L was used in this experiment. The voltage is set to 20V, peak current is 6A, pulse on and off time is 10µs and 40µs respectively, and the machining time is 15 minutes. Copper electrodes with 6 mm diameter and RB-SiC in the dimension of 30 mm x 30 mm x 13 mm were used as a tool and workpiece respectively. Dielectric fluid type EDM Oil LS was used in this experiment as a base fluid for EDM mixture. Surfactant of Span 20 and Span 80 from Sigma Aldrich were used and its properties are shown in Table 1 and the concentration of surfactant is 0.4wt%, 0.6wt% and 0.8wt%. For mixture preparation, the EDM oil with surfactant and carbon nanofiber (CNF) was mixed by using ultrasonic homogenizer from Labsonic. The ultrasonic machine was set up to 0.5 cycles and frequency at 50 Hz. This process took 35 minutes overall. Additives used in this EDM mixture were carbon nanofiber (CNF). The average diameter of CNF was 11-50 nm and length between 6-8 µm. Figure 2 : Result for material removal rate (MRR) Figure 2 illustrates the effect of weight percentage of surfactant to the MRR of RB-SiC. The MRR increases until the concentration of surfactant 0.6wt%. As increasing the surfactant concentration to 0.8wt%, MRR decreases. According to Kolli et al. [10] , MRR initially increases with increasing surfactant concentration and then decreases with further increase in surfactant concentration. By increasing the surfactant concentration, it will increase the conductivity of dielectric fluid, the surface tension, dispersion and dissolubility of particles which increases the MRR [12] . Surfactant Span 80 is better than Span 20, in which contradict to the research findings of Wu et al. [9] , where the result shows surfactant Span 20 appears to produce higher MRR than Span 80. This might be due to different material whereby the researchers used SKD 61 steel as material in their experiment. The optimum concentration for producing highest MRR is at 0.6wt%.
By adding surfactant into EDM mixture, the debris is surrounded by surfactant molecules to form stereo barriers, which can reduce the electrostatic force by the friction of the particles [13] . Particles can be dispersed evenly to achieve a better distribution of discharge energy and to reduce the phenomenon of concentrated discharge.
Electrode Wear Ratio
Figure 3: Result of electrode wear ratio (EWR) Figure 3 shows the effect of weight percentage of surfactant to the EWR. When surfactants were used, the EWR decreases as the surfactant concentration increases. When surfactant increased to 0.8wt%, the EWR is increased. The optimum concentration that produced lower EWR is 0.6wt%. EWR decrease can be attributed to an increase in MRR and it was evident by Liew et al. [8] , where EWR reduces when MRR improves. Span 80 also shows lower EWR as compared to surfactant Span 20. This result was in contrast with Wu et al. [9] , in which Span 20 is found better compared to Span 80 in terms of MRR. The improvement of MRR was due to the increased in electrical conductivity of the mixture since Span 20 had a high hydrophilic-lipophilic balance (HLB) value than Span 80. The high electrical conductivity results in shorter bridging time and higher electrical discharge, thus increases the MRR and reduces the EWR. In addition, according to Kansal et al. [14] , the addition of graphite powders and surfactant into EDM oil resist the adherence of carbon nuclides attached to the surface of the electrode and slightly reduced the EWR. Figure 4 : Result for surface roughness (µm) Figure 4 illustrates how surface roughness being affected by the surfactant concentration. By increasing the surfactant concentration to 0.4wt%, low surface roughness was achieved. The surface roughness increases when the concentration of surfactant increases further to 0.6wt% and it decreases at concentration of 0.8wt%. Better surface roughness can be achieved when using surfactant type Span 80. This might be due to Span 80 have lower conductivity than Span 20 where results in a longer bridging time and a lower electrical discharge [13] . Lower surface roughness was achieved at surfactant concentration of 0.4wt%. This is contradicted from the findings of Kolli et al. [10] whereby surface roughness increases as the surfactant concentration increases. This might be due to different workpiece material whereby the researcher used titanium alloy in which might contribute to different results. On the other hand, the surface roughness increase again after the surfactant concentration increased to 0.6 wt%. Surfactant concentration also affects wetting of powder, displacing the trapped air and disaggregation or fragmentation of the particle clusters in which prevent reaggregation of the dispersed particle [15] , thus the value of surface roughness increases with increase in the surfactant concentration.
Surface Roughness

Conclusion
The effect of concentration and type of surfactant to disperse the CNF within the EDM oil for machining RB-SiC using EDM machine was investigated. It is observed that MRR increases with increasing surfactant concentration and the optimum MRR is at 0.6wt% of surfactant concentration. The EWR decrease by increasing surfactant concentration and the lower EWR is at 0.6wt% of surfactant concentration. Surface finish can be improved by adding surfactant in the dielectric fluid. The lowest surface roughness is achieved at a surfactant concentration of 0.4wt%. Surfactant Span 80 showed better results as compared to Span 20 in machining RB-SiC and the optimum concentration of surfactant is at 0.6wt%. By adding surfactants, it can improve the machining efficiency of RB-SiC.
110
Science and Engineering of Materials II
